To assess the nature of the aversion frequently shown by cattle for feed containing Rumensin, cattle were prepared with rumen cannulas and adapted to either a 93% ground alfalfa hay diet (n=12) or an 85% concentrate diet (n=12) They were assigned to one of three treatments for 6 hr/day for 7 days: 1) Basal feed and continuous intraruminal injection of a total of 50 ml alcohol (Control); 2) 250 mg monensin sodium as Rumensin/4 kg feed and continuous intraruminal injection of a total of 50 ml alcohol (Rumensin); or, 3) Basal feed and continuous intraruminal injection of a total of 250 mg monensin sodium in 50 ml alcohol (Monensin). All groups were offered basal feed the following 18 hours. Cattle fed Rumensin in the concentrate diet showed reduced intake within the first .5 hr of the first day (1.36 vs .13 kg, P<.05), while cattle fed Rumensin in the alfalfa diet ate as much feed as controls the first day but decreased intake the second to seventh days. On the first of five recovery days, cattle previously fed Rumensin ate the same amount as control cattle with both alfalfa and concentrate diets. Cattle fed Rumensin in both diets for 7 days, even after a 5-day recovery period, showed an immediate and marked aversion when offered feed containing Rumensin. Cattle injected with monensin ate less concentrate but not roughage diet during the 6-hr treatment period. Cattle continuously injected with monensin sodium showed an l Monensin (RumensinR), Elanco Division, Eli Lilly and Co., Indianapolis, IN.
INTRODUCTION
Monensin, a compound that alters rumen fermentation, consistently improves feed efficiency of cattle fed high roughage (Potter et al., 1976a; Utley et al., 1976; Dinius et al., 1978) and concentrate diets (Gill et al., 1976; Perry et al., 1976; Potter et al., 1976b; Raun et al., 1976; Boling et al., 1977) . Average daily gains of Rumensin-treated cattle may be equal to or greater than those of nontreated cattle. Feed intake may be decreased when monensin is added to concentrate diets (Gill et al., 1976; Raun et al., 1976; Perry et al., 1976; Potter et al., 1976ab; Boling et al., 1977; Dinius and Baile, 1977; Steen et al., 1978) but may not be affected when monensin is added to roughage diets (Potter et al., 1976b; Utley et al., 1976; Dinius et al., 1978) . Because cattle fed concentrate diets and monensin gain the same as controls, apparently net energy available to the animal for growth per day is similar in spite of decreased intake Richardson et al., 1974; Dinius et al., 1978; Perry et al., 1976; Potter et al., 1976a; Raun et al., 1976; Boling et al., 1977) ; however, increased metabolizable energy per kilogram of feed theoretically available with use of monensin due to increased molar pro-portions of propionic acid produced in the rumen (Hungate, 1966; Orskov et al., 1968) may not account for all the energetic advantage obtained . Further energetic advantage could be accounted for by the decreased heat increment associated with propionate metabolism (Blaxter, 1962) .
A decrease in feed intake by cattle is frequently observed during the first four weeks of introduction of Rumensin, a product that contains monensin sodium (Gill et al., 1976; Perry et al., 1976; Dinius and Baile, 1977) . We hypothesized that this response may be due to an aversion to some sensory cue, e.g., flavor, from the additive or an association of a malaise resulting from changes in rumen fermentation with a sensory cue. To study this decrease in intake that occurs upon introduction of Rumensin, feeding behavior is described for cattle adapted to either a high roughage or concentrate diet and administered Rumensin in the feed or monensin in the rumen for 6 hr a day for 7 consecutive days.
EXPERIMENTAL PROCEDURE
Two groups of 12 Angus steers weighing 245 +-5 and 240 +-8 kg, respectively, were surgically implanted with silastic catheters (4.5 mm I.D., 8 mm O.D.
• 15 cm) into the rumen. The catheters were equipped with a dacron mesh skirt cemented (Medical Adhesive, silicone Type A) to the tube 8 cm from the intraluminal end. The skirt was sutured to the rumen musculature and to the abdominal wall musculature. During the 3 weeks following surgery Group I steers were adapted to a 92% alfalfa diet (table 1) . Group II steers were adapted to a 45% concentrate diet the first week, a 62% concentrate diet the second week and a 78% concentrate diet (table 1) the third and fourth weeks. The experiment for each group included 3 pretreatment, 7 treatment, and 5 post-treatment days. Data from the pretreatment period were used to form four blocks of three animals of similar intake. The three animals of each block were each assigned to one of three treatments: Control (control diet with continuous intraruminal injection of 50 ml alcohol over a 6-hr period); Rumensin (250 mg monensin sodium as Rumensin ]suggested daily dose] added to 4.0 kg of control diet, with continuous intraruminal injection of 50 ml alcohol over a 6-hr period); Monensin (control diet with continuous intraruminal injection of 250 mg monensin sodium in 50 ml alcohol over a 6-hr period). The dose of 250 mg monensin was selected because it is the approximate amount that 250 kg steers would consume in 7.0 kg of feed containing 33 ppm monensin. The concentration of monensin in the 4.0 kg offered was 62.5 mg/kg, which is much lower than the concentration of monensin used in supplements for several pasture studies (Potter et al., 1976a; Boling et al., 1977) . In these studies 50 to 400 mg monensin were fed in .45 or .91 kg supplement, making the concentration as high as 889 mg monensin/kilo- a'b'CMeans with a common superscript are not different, ANOV, P<.05.
x'YMeans with a common superscript are not different, ANOV, P<.01.
gram. Even 50 mg monensin/.45 kg is 111 mg/ kilogram. In other studies, a dose of 200 mg monensin was administered as a top dress on one-third of the daily feed and this procedure also resulted in high concentrations of monensin . For the first 6 hr of each day for each treatment period in single stimulus preference tests, cattle in Group I were offered 2.0 kg of feed at the beginning of the 6-hr preference test and fed an additional 2.0 kg after 3.0 hr; cattle in Group II were fed 4.0 kg of feed at the beginning of the period. For several days, rumen motility was monitored by recording closures of a pressure-sensitive switch connected to the rumen cannula and by visual observation during the last 30 rain of the treatment period. After 6 hr all remaining feed was removed and fresh feed was placed in the feeder and replenished, as required, to allow ad libitum feeding. Feeding behavior was monitored and analyzed during the experiment using a MasseyDickenson data acquisition system and a Varian 620/F-100 computer. Parameter measured were feed intake, prehension bouts (periods of prehension terminated by no more than a 2-sec interruption), prehension time (summation of prehension periods), intake per prehension bout and rate of eating (intake/prehension time, g/min). Samples of rumen fluid were collected the last day of each period at the end of the 6-hr test and assayed s for VFA.
SG. C. Separation of VFA Ca-CS. Bull. 749C. Supelco, Inc. Bellefonte, PA 16823.
All data were subjected to analysis of variance and treatment means were tested for significant difference using Duncan's multiple range tests (1955) . Some data were evaluated with paired-t tests.
RESULTS AND DISCUSSION
Intake of cattle offered either roughage or concentrate diets with Rumensin added (Rumensin cattle) was decreased (P<.01, roughage, and P<.05, concentrate) for all time periods during the 6-hr single stimulus preference tests for the 7-day treatment period (table 2) . Although intakes of the Rumensin cattle during the remainder of the day, when control feed was offered, were similar to intakes of control cattle, total daily intake of both diets was decreased (P<.05). Although intake of roughage diet by cattle injected intraruminally with monensin (monensin cattle) was similar to that of control cattle during the 6-hr test period, intake of concentrate diet by cattle injected intraruminaUy with monensin decreased for all time periods of the 6-hr tests (P<.05). For both roughage and concentrate diets, intake by monensin cattle for the remainder of the day (P<.05) and for total day (P<.05 for roughage, P<.01 for concentrate) were both decreased compared to control cattle. Cattle fed the concentrate diet and injected with monensin compared to those fed Rumensin in the concentrate diet ate more during the 6-hr tests (P<.05), but ate less during the remainder of the day (P<.01); 24-hr intakes of the two groups were not different. (table 3) . These effects on feeding behavior indicate a less intense eating or frequent sampl o mg of the feed. Cattle fed roughage plus Rumensin demonstrated less intense eating associated with less frequent sampling than cattle fed concentrate plus Rumensin. Intake of the roughage diet by cattle injected with monensin in the rumen was similar to that of control cattle, but prehension time increased (P<.05) and rate of eating decreased (P<.05). Intake of the concentrate diet by cattle injected with monensin decreased when compared to that of control cattle; while no parameter of feeding behavior measured was significantly affected; decreased prehension bouts and rate of eating accounted for the reduced intake.
Six-hour feed intakes of each diet were compared for the three groups for each day of the treatment period (figure 1). For both diets feed intake decreased on the first day of introduction of Rumensin compared to the previous day (P<.05, figure 1 ). On the first day the response of cattle fed concentrate was more marked than that of cattled fed roughage. During each of the remaining 6 days of the treatment period, intakes of cattle fed Rumensin in both roughage and concentrate diets were less than intakes of control cattle (P<.05). On the first recovery day cattle previously fed Rumensin ate more (P<.01) than on the last treatment day, indicating an immediate recognition that Rumensin was absent in both roughage and concentrate diets.
Monensin continuously injected in the rumen tended to decrease intake (figure 1). Figure 1 . Daily 6-hr intake (kg) of group I troughage) and group 1I (concentrate) during the 7-day treatment period and the day immediately before and after the treatment period. Means with a common superscript for each day are not different,P<.05. *Different from previous day for the treatment group, P<.05. **Different from previous day for the treatment group, P<.01.
Intakes of the roughage diet were depressed by monensin, but not consistently; with the concentrate diet, for each of the 7 treatment days, the monensin-treated cattle ate less than controls and more than the Rumensin cattle. On the first recovery day monensin cattle fed roughage ate more (P<.05) than on the last treatment day.
During the recovery period, intake of cattle previously fed Rumensin was similar to intake of control cattle for all periods of the day for both roughage and concentrate diets (table 4). Intake of cattle previously infused with monensin and fed roughage or concentrate diet tended to be decreased during the first few hours of the day; however by 6 hr, intakes of the two diets were similar for the three treatment groups. Monensin cattle ate less of the concentrate diet than control cattle during the 6 to 24 hr period (P<.05) and tended to eat less for the 24-hr period. This may be expected, since Rumensin cattle actually consumed only a small amount of monensin sodium, while monensin cattle were administered 250 mg monensin sodium/day. Also, intakes have been shown to be decreased more in cattle fed concentrate than cattle fed roughage (Potter et al., 1976a) .
Even after a 5-day recovery period, cattle previously fed Rumensin in both roughage and concentrate diets had associated its presence with some cue, recognized the cue, and ate less than cattle fed control diet immediately upon presentation of either the same dose as before (P<.01) or one-third of that dose (P<.05) (table 5). The following 2 hr, when control feed was offered, they ate more (P<.05) than during the preceding 2-hr test. On the other hand, when monensin cattle were offered Rumensin in the feed after the 5-day recovery period, they behaved similarly to the Rumensin cattle during the first day of the treatment period for each diet. The monensin cattle offered feed containing Rumensin in the roughage diet ate the same as controls upon first exposure, but ate less than controls (P<.05) on the second exposure, even when it had a lower Rumensin level. Monensin cattle offered 62.5 ppm Rumensin in the concentrate diet during the first single stimulus preference test ate less than control cattle (P<.01); on the second day, when one-third of the concentration was offered, intake was less (P<.05) than during the following control period.
When monensin sodium instead of Rumensin was added to the feed, the Rumensin-fed cattle ate the same as controls (table 6), indicating that the cattle were not avoiding the chemical per se, but perhaps some sensory cue from the Rumensin premix. The monensin cattle, however, had apparently developed a negative association of the intraruminal injection with a cue that was recognized in the feed containing monensin, and ate almost none during the 60-rain test period (P<.05).
In other experiments using the 6-hr single stimulus preference test neither young Holstein heifers (163 kg) nor young Angus and Hereford steers (195 kg) showed an aversion to the concentrate diet containing 30 ppm monensin or 30 ppm monensin as Rumensin which was about one-half the concentrations used in the present study and offered for 7 days. However, heifers not previously exposed a'bMeans with a common superscript are not different, ANOV, P<.OS. Rumen contraction rates, measured at the end of the 6-hr test period, were similar for all treatment groups for each diet (table 7) . In sheep prepared to measure abomasal electromyographical activity, contractility and secretion, an oral drench of 30 mg monensin had no effect on feed intake, abomasal slow wave frequency, action potential rate, contraction Richardson et al., 1976; Boling et al., 1977) ; although in one of three pasture trials no effect was measured on molar percentage of VFA and as shown by Van Maanen et al., (1978) molar ratios may not provide a reliable estimate of relative VFA production rates. Changes in VFA were not significant for cattle fed concentrate diets, but trends were similar to molar percentages measured in studies with similar amounts of monensin administered in concentrate diets Perry et al., 1976; Richardson et al., 1976; Boling et al., 1977) .
Rumensin, even during the first 6 hr of introduction, decreased feed intake of cattle, especially cattle fed concentrate diets. In the present study the decrease was maintained for the 7 consecutive days that Rumensin was added to feed for 6 hr/day, but intake during the rest of the day, when control feed was offered, was similar to that of control cattle. Cattle appeared to be able to detect the presence of Rumensin in feed, because during the 7-day treatment period and the postrecovery reexposure tests they immediately and consistently ate less than when control feed was offered. It was not monensin itself they were able to detect, apparently, because when monensin instead of Rumensin was added to feed, cattle previously fed Rumensin ate as much feed as cattle fed the control diet. How- 
